Objectives To investigate the efficacy and safety of peficitinib, an oral Janus kinase inhibitor, in patients with rheumatoid arthritis (Ra). Methods in this double-blind phase iii study, patients with Ra and an inadequate response to prior diseasemodifying anti-rheumatic drugs (DMaRDs) were randomised to peficitinib 100 mg once daily, peficitinib 150 mg once daily, placebo or open-label etanercept for 52 weeks' treatment; placebo-treated patients were switched at week 12 to peficitinib 100 or 150 mg once daily. The primary endpoint was american College of Rheumatology (aCR)20 response at week 12/ early termination (eT). secondary endpoints (assessed throughout) included aCR20, aCR50 and aCR70 response, changes from baseline in disease activity scores (Das)28 and aCR core parameters, adverse events (aes) and changes in clinical or laboratory measurements. Results in total, 507 patients received treatment. aCR20 response rates at week 12/eT were significantly higher in the peficitinib 100 mg (57.7%) and 150 mg (74.5%) groups versus placebo (30.7%) (p<0.001). aCR50/70 response rates were also higher for both peficitinib doses versus placebo. improvements in aCR response were maintained until week 52. Changes from baseline in Das28-C-reactive protein/ erythrocyte sedimentation rate and the aCR core set were significantly greater for both peficitinib doses versus placebo at week 12/eT (p<0.001). ae incidence was similar across treatment arms. incidence of serious infection and herpes zoster-related disease was higher with peficitinib versus placebo, but with no clear dosedependent increase. Conclusions in patients with Ra and inadequate response to DMaRDs, peficitinib 100 mg once daily or 150 mg once daily was efficacious in reducing Ra symptoms and was well tolerated compared with placebo. Trial registration number nCT02308163.
InTROduCTIOn
Rheumatoid arthritis (RA) affects 0.3% to 1% of the population worldwide. 1 Biological agents such as tumour necrosis factor (TNF) inhibitors, used in combination with methotrexate (MTX), have been found to be effective in patients who are unresponsive to conventional disease-modifying antirheumatic drugs (DMARDs). 2 The Janus kinase (JAK) family of non-receptor protein tyrosine kinases is more recently considered a promising alternative target for RA treatment. [3] [4] [5] Two oral JAK inhibitors, tofacitinib and baricitinib, have so far been approved for use in the USA, the European Union and Japan. [6] [7] [8] [9] [10] [11] Peficitinib (ASP015K) is an oral JAK inhibitor which inhibits the activity of all JAK family members (JAK1, JAK2, JAK3 and tyrosine kinase 2 (TYK2)) Key messages ► Peficitinib, a pan-Janus kinase inhibitor, has been approved in Japan in 2019 as a once-daily rheumatoid arthritis (RA) therapy at doses of both 100 mg/day and 150 mg/day, with no dose adjustment in patients with renal injury. ► This study was a randomised, double-blind, phase III trial conducted in patients who had an inadequate response to prior disease-modifying anti-rheumatic drug (DMARD) treatment.
Patients were randomised to 52 weeks' treatment with peficitinib 100 or 150 mg/ day (alone or in combination with DMARDs), placebo or open-label etanercept. ► The primary efficacy variable of American College of Rheumatology (ACR)20 response rate at week 12/early termination was significantly higher in both peficitinib groups compared with placebo. Doses of 150 mg/day provided numerically higher responses compared with 100 mg/day. ► Both peficitinib doses were well tolerated up to 52 weeks and no clear dose dependency was observed in the incidence of herpes zosterrelated disease (including varicella), serious infections or malignancies. ► Based on these findings, peficitinib has the potential to be a valuable addition to the RA treatment armamentarium, particularly for the treatment of patients with RA who are unresponsive to conventional therapies.
with similar potency (IC 50 0.7 to 5.0 nM). 12 A phase IIb study in Japanese patients with RA showed a dose-dependent, statistically significant improvement after 12 weeks in American College of Rheumatology (ACR)20 response rate (primary endpoint) for once-daily doses of peficitinib 50 mg, 100 mg and 150 mg and an acceptable safety profile. 13 In addition, a dose-dependent increase in mean haemoglobin levels was observed, suggesting that JAK2 was not inhibited in the study even at the highest dose used. 13 Peficitinib also demonstrated similar efficacy in one of two studies in non-Japanese populations 14 ; in the other non-Japanese study, most of the improvements in ACR20/50/70 response rates were not significant due to a relatively high response rate in the placebo group. 15 This study was undertaken to assess the efficacy and safety of peficitinib (100 or 150 mg/day), alone or in combination with DMARDs, in patients who had an inadequate response to prior DMARDs.
MeTHOds study design
This was a randomised, placebo-controlled, double-blind, parallel-group, phase III confirmatory study conducted between August 2014 and November 2017 at 142 sites in Japan, 11 sites in Korea and 12 sites in Taiwan (online supplementary information). Following screening, patients were randomised in a 1:1:1:2 ratio to peficitinib 100 mg/day, peficitinib 150 mg/day, placebo or etanercept. The peficitinib doses used in this study were chosen from the upper two doses in former RA studies of peficitinib based on previous efficacy and safety findings (online supplementary methods). In accordance with guidance for this study from a regulatory authority, etanercept was designated as an open-label reference drug, mainly for a safety comparison versus treatment groups (online supplementary methods). Peficitinib and placebo were taken orally once daily; etanercept (50 mg) was injected subcutaneously once weekly. Patients in the peficitinib 100 mg, peficitinib 150 mg and etanercept arms received their allocated treatment for 52 weeks. Patients in the placebo arm were switched at week 12 under blinded conditions, based on the randomisation to either peficitinib 100 mg or peficitinib 150 mg performed at baseline; this dose was maintained until the end of treatment (EOT) (online supplementary figure 1).
Patients
Patients aged ≥20 years with RA (according to the 1987 American College of Rheumatology criteria (ACR) or the 2010 ACR/ European League Against Rheumatism criteria), were enrolled. Eligibility criteria at screening included active RA, defined as ≥6/68 tender/painful joints and ≥6/66 swollen joints, C-reactive protein (CRP) >0.50 mg/dL at screening and an inadequate response to, or intolerance of, at least one DMARD administered for ≥90 days prior to screening (DMARD-IR). Exclusion criteria included an inadequate response to ≥3 biological DMARDs as determined by the investigator, a diagnosis of inflammatory arthritis other than RA and laboratory abnormalities. Further details of inclusion and exclusion criteria can be found in the online supplementary methods.
Outcomes

Efficacy assessments
The primary efficacy endpoint was the response rate according to ACR20 improvement criteria 16 at week 12/early termination (ET). Key secondary endpoints assessed throughout included response rates according to ACR20/50/70 improvement criteria 17 , changes from baseline in 28-joint disease activity score (DAS) based on CRP (DAS28-CRP) and erythrocyte sedimentation rate (ESR) (DAS28-ESR), rates of remission defined as DAS28-CRP<2.6 and DAS28-ESR<2.6, rates of DAS28-CRP≤3.2, changes from baseline in CRP and ESR values, changes from baseline in tender joint count at 68 joints and swollen joint count at 66 joints and changes from baseline in Clinical Disease Activity Index (CDAI) and Simplified Disease Activity Index (SDAI). Patient and physician-reported outcomes included Subject's Global Assessment of disease activity (SGA), Subject's Global Assessment of Pain (SGAP), and Physician's Global Assessment of disease activity (PGA) using a 100 mm visual analogue scale (VAS) for each, plus Health Assessment Questionnaire -Disability Index (HAQ-DI) scores.
Safety
Treatment-emergent adverse events (TEAEs) were defined as any adverse event (AE), as reported by the investigator, that started or worsened in severity after the initial dose of study or reference drug through week 52 or follow-up period, including the incidence of venous thromboembolism (VTE) (online supplementary figure 1). Serious infections, malignancies and herpes zoster-related disease (including varicella) were assessed per 100 patient-years. Mean (SD) changes from baseline in haematological, biochemical and select laboratory parameters were recorded throughout.
statistical analyses
Based on the calculation that 62 patients per arm would provide 90% power to detect a significant difference with a two-sided significance level of 0.05, and following guidance from the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use 18 and the Japan Ministry of Health, Labour and Welfare 19 on methodology for adequate assessment of AEs (online supplementary methods), the planned sample size was 100 patients for each of the peficitinib 100 mg, peficitinib 150 mg and placebo arms, and 200 patients in the etanercept group, taking into consideration incidence rates for serious infections from post-marketing studies for approved biological drugs and feasibility. As a result of discussions with a regulatory authority, etanercept was set as an open-label anti-TNF reference arm and was not included in statistical comparisons with placebo.
The primary analysis was conducted on the full analysis set (FAS), which consisted of all patients who were randomised and received at least one dose of study or reference treatment. For the ACR20/50/70 responses at week 12/ET, pairwise comparisons with placebo (using a logistic regression model with treatment group as the factor and prior biological DMARD-IR, concomitant DMARD use at baseline and study region as the covariates), multiplicity adjustment and sensitivity analyses were conducted as detailed in the online supplementary methods. The null hypotheses were tested at a two-sided significance level of 0.05. Safety analyses were conducted on the safety analysis set (SAF), which included all patients who received at least one dose of study treatment.
ResulTs
Patient demographics, baseline characteristics and treatment compliance
Of 724 patients screened, 509 were randomised: 102, 104, 102 and 201 to the placebo, peficitinib 100 mg, peficitinib 150 mg and etanercept groups, respectively. Of the randomised patients,
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one patient in each of the placebo and etanercept arms did not receive treatment; the SAF/FAS therefore included a total of 507 patients (figure 1). The majority of patients were female (366/507, 72.2%) and the mean age was 55.3 years. Most patients were from Japan (415/507, 81.9%), 54 (10.7%) were from Korea and 38 (7.5%) were from Taiwan (table 1) .
For the overall period, the proportion of patients who discontinued the study ranged from 16.9% to 29.8% across the treatment groups: the primary reasons for discontinuation across treatment arms were lack of efficacy (32/509, 6.3%) and AEs (29/509, 5.7%). Reasons for discontinuation in each arm are described in figure 1 .
Baseline disease activity and RA history were mostly balanced between the treatment arms. At baseline, a total of 443/507 (87.4%) patients received concomitant DMARDs, of whom 299 (59.0%) received MTX and 144 (28.4%) received DMARDs other than MTX only. An inadequate response to previous biological DMARDs was reported in 36 (7.1%) patients. Mean treatment compliance for the overall study period was 96.44% to 97.70% for all treatment groups. efficacy ACR20/50/70 response rates
The primary efficacy variable, ACR20 response rate at Week 12/ET (last observation carried forward (LOCF)), was 57.7%, 74.5%, 83.5% and 30.7%, in the peficitinib 100 mg, peficitinib 150 mg, etanercept and placebo groups, respectively (figure 2A). Significant differences versus placebo of 27.0% (OR: 3.13, 95% CI 1.76 to 5.58) with peficitinib 100 mg and 43.8% (OR: 6.59, 95% CI 3.56 to 12.20) with peficitinib 150 mg were observed (p<0.001 for both comparisons) ( figure 2A) . The primary analysis of the ACR20 response rate was also demonstrated to be robust using sensitivity analyses (online supplementary table 1). Subgroup analyses indicated that both peficitinib doses produced numerically higher ACR20 response rates than placebo regardless of number of prior biological DMARDs, prior biological DMARD-IR, concomitant DMARD use or MTX dose at baseline; however, these subgroup analyses were not powered for statistical comparisons (online supplementary table 1).
ACR50 and ACR70 response rates at week 12/ET were also significantly higher for peficitinib 100 mg and 150 mg compared with placebo (figure 2A; online supplementary figure 3). The increase in ACR20/50/70 response rates versus placebo was maintained throughout the study period in the peficitinib 100 mg group, the peficitinib 150 mg group and the etanercept group (figure 2B-D; online supplementary table 3). For the patients who switched from placebo to peficitinib 100/150 mg at week 12, the response rates were initially lower compared with those in the other treatment arms, but were improved at week 16 and then maintained or increased through week 52 (figure 2B-D).
Key secondary efficacy endpoints
The proportions of patients achieving DAS28-CRP<2.6, DAS28-ESR<2.6 and DAS28-CRP≤3.2 scores at week 12/ET were significantly increased in the peficitinib 100 mg and 150 mg groups compared with placebo, except for the DAS28-ESR<2.6 scores in the peficitinib 100 mg group due to difficulty in estimating the odds ratio. The proportion of patients achieving these criteria was higher at week 52/ET than at week 12/ET (online supplementary figure 2 ).
The changes from baseline in DAS28-CRP and the ACR core set at week 12/ET (LOCF) were significantly greater in the peficitinib 100 mg and 150 mg groups compared with placebo (p<0.001). In addition, the change from baseline was greater for all outcomes in the peficitinib 150 mg group than in the peficitinib 100 mg group (figure 3).
The proportions of patients with CDAI score ≤2.8, CDAI score ≤10 (low disease activity), SDAI score ≤3.3 and SDAI score ≤11 (low disease activity) were higher with peficitinib 100 mg and 150 mg compared with placebo, although p values could not be estimated in all instances (online supplementary file 1). Changes from baseline in CDAI and SDAI scores were significantly higher with both peficitinib doses than with placebo from week four through to week 12/ET (online supplementary file 1).
safety
Treatment-emergent adverse events
The incidence of investigator-reported TEAEs from week 0 to week 12 was similar across treatment arms at 53.5% to 59.5% (SAF). For the overall study period, TEAEs were reported in 87.3% to 89.0% patients across all treatment arms, and no major differences in incidence were observed compared with the week 0 to 12 period (table 2A) . The majority of investigator-reported TEAEs were mild or moderate in severity (National Cancer Institute Common Terminology Criteria for Adverse Events grades 1 to 2). No deaths were reported during the study. After the end of study, one patient in the etanercept group died from thyroid cancer reported during the study; this event was considered possibly related to etanercept. From baseline to week 12/ET and to the end of the study period, investigator-reported TEAEs leading to permanent discontinuation of study drug occurred in ≥3 patients in each group. An overview of TEAEs from week 12 to week 52 is presented in the online supplementary table 4.
The incidence per 100 patient-years of serious infection, herpes zoster-related disease (including varicella) and malignancies was higher in the groups treated with peficitinib compared with placebo, although there was no clear dose-dependent increase (table 2B) . No occurrence of VTE was reported during the study.
Clinical laboratory evaluations
At week 12/ET, reductions in platelet counts and dose-dependent increases in haemoglobin level were observed in the peficitinib 100 mg and 150 mg groups (table 3) . Reductions in absolute neutrophil counts were also observed; this parameter also tended to decrease in the placebo group. Dose-dependent increases in creatine kinase, creatinine, low-density lipoprotein cholesterol and high-density lipoprotein cholesterol were observed in the peficitinib 100 mg and 150 mg groups until week 12/ET. There were no major changes from week 12/ET to week 52/ET in any of these parameters.
dIsCussIOn
This was the first phase III, randomised, double-blind, placebocontrolled trial of peficitinib, a novel oral JAK inhibitor, in patients with RA who had an inadequate response to DMARDs. Results showed statistically significant increases by week 12 in ACR20 response rates compared with placebo for peficitinib doses of 100 mg/day and 150 mg/day. The results for the secondary efficacy variables, including ACR50, ACR70, DAS28-CRP and patient-reported outcomes such as HAQ-DI, supported the results for the primary efficacy variable. ACR20/50/70 showed rapid responses discontinued at any time from date of randomisation through day 85. ‡Discontinuation for overall period: discontinued at any time from first dose of study drug through the last dose day for overall period. through the first 4 to 8 weeks of treatment, which were either maintained or improved during long-term treatment up to week 52 (EOT). Even in the placebo group, improvements were observed after switching to peficitinib 100 mg or 150 mg and then maintained during the study. Treatment with etanercept appeared to provide numerically greater response rates than either peficitinib 100 mg or 150 mg, across all outcomes measured. Of note, ACR20 response rates at week 12 following peficitinib 100 mg or 150 mg treatment were similar to those observed in previous phase III studies of tofacitinib or baricitinib. 20 21 Across five phase III clinical trials of tofacitinib 5 mg twice daily in patients with active RA and an inadequate response to prior DMARDs, MTX or TNF inhibitors, ACR20 response rates at week 12 ranged from 41.7% to 60.7%. 20 Similarly, the RA-BUILD study investigated a once-daily dose of baricitinib 4 mg in patients with active RA and an inadequate response or intolerance to prior conventional synthetic DMARDs; the ACR20 response rate at week 12 was 62%. 21 In the present study, the ACR20 response rates were 57.7% and 74.5% in the peficitinib 100 mg and 150 mg groups, respectively. However, the inclusion criteria for specific DMARD-IR varied across previous studies evaluating the efficacy of other JAK inhibitors, including tofacitinib and baricitinib 20 21 ; outcomes may therefore not be directly comparable with the current study.
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Safety analysis indicated that peficitinib was well tolerated for up to 52 weeks. The incidence of TEAEs was similar for both peficitinib arms compared with placebo, and no new safety signals were observed in clinical laboratory results. Of note, a mean decrease in . For all timepoints except for week 12/ET and EOT, observed data are plotted. For week 12/ET and EOT, in the case of early termination, ACR components were analysed using the LOCF method first, and then ACR20/50/70 responses were calculated. A pairwise comparison with the placebo group was performed using a logistic regression model with treatment group as the factor and inadequate response to prior biological DMARD use, concomitant DMARD use during the study period and region as covariates. P values were calculated using Wald's Chi-square test with a closed testing procedure for multiplicity adjustment for ACR20 and no multiplicity adjustment for ACR50/70. 95% CI were based on a normal approximation to the binomial distribution (continuity corrected). Etanercept was an open-label reference arm and was not included in statistical comparisons with placebo. *The odds ratio for the treatment difference in ACR70 between peficitinib 100 mg and placebo was not estimable with the planned logistic regression model (p=0.009 with an ad-hoc analysis using a logistic regression model with treatment group as the only explanatory variable). †Includes LOCF. ACR, American College of Rheumatology; DMARD, disease-modifying anti-rheumatic drugs; EOT, end of treatment; ET, early termination; FAS, full analysis set; LOCF, last observation carried forward; N/E, not estimable. haemoglobin levels, which might be attributable to JAK2 inhibition, was not observed even with the highest dose of 150 mg/day. These safety results are consistent with those from short-term (12 week) treatment with 25 to 150 mg/day peficitinib monotherapy. 13 With regard to TEAEs of special interests, no apparent dose dependency was observed in the incidence of herpes zosterrelated disease (including varicella), serious infections or malignancies. Previous safety data for the use of tofacitinib suggest that Asian populations may be specifically at risk of developing herpes zoster infection when receiving JAK inhibitors. 22 In line with this, the incidence of herpes zoster-related disease was approximately doubled with peficitinib compared with etanercept in our study, although rates remained within the range previously observed with tofacitinib and baricitinib in Japanese/ Korean/Taiwanese populations. [22] [23] [24] [25] As historical data of vaccination for herpes zoster or varicella in each patient were not captured in this study, the relationship between the observed incidence and vaccination rate is unknown and further investigation would be required to elucidate this. Lastly, although previous studies have shown an association between JAK inhibitors and VTE, 26 no incidence of VTE was observed in our study.
Greater clinical improvements were observed with peficitinib 150 mg versus peficitinib 100 mg. In this study, no marked increase in AEs was observed with peficitinib 150 mg compared with 100 mg and both doses demonstrated efficacy and tolerability, thus broadening the potential treatment options for those with refractory disease. However, further evaluation is needed to establish whether peficitinib >150 mg/day may provide even greater clinical benefits, without additional safety concerns.
The strengths of this study include the 52-week treatment period, which allowed for assessment of long-term efficacy and safety. The study population comprised patients who previously had an inadequate response or intolerance to either conventional synthetic or biological DMARDs, thus representing a patient population with more restricted treatment options. One limitation of this study is that placebo treatment was of shorter duration (12 weeks) compared with the peficitinib and etanercept arms, for ethical reasons; comparisons between placebo and peficitinib arms are therefore limited. In addition, the study design did not allow for a statistical comparison of treatment differences in the open-label etanercept arm relative to the other arms. No radiographical assessments were conducted for this study, and it is therefore uncertain whether peficitinib inhibits radiographical progression in this population. Moreover, the patient population was drawn from Japan, Korea and Taiwan and although the results reflect populations of more than one country, they lack global diversity. The baseline HAQ-DI score of 1.0 for the study population was low, especially considering the mean DAS-CRP/ESR of 5.3 to 6.0 and mean RA duration of almost 9 years, but these parameters are in line with findings from previous studies of tofacitinib 27 28 and baricitinib 25 in Japanese populations.
As previously described, kinase assays showed peficitinib inhibits the activity of all JAK family members with similar Patient-years was calculated from initial dose up to first incidence of the event for patients who had at least one event, and from initial dose through follow-up for patients who had no events; incidence rate is calculated as (100 × number of patients who had at least one incidence/total patient-years). *Included adverse events occurring during treatment with peficitinib in patients who were initially treated with placebo and switched to peficitinib at week 12.
SAF, safety analysis set.
potency (IC 50 0.7 to 5.0 nM). 12 In contrast, currently marketed JAK inhibitors have greater selectivity for certain JAK isoforms: tofacitinib inhibits JAK1, JAK2, JAK3 and to a lesser extent TYK2, 12 29 while baricitinib has greater potency against JAK1 and JAK2 than against JAK3 and TYK2. 30 In an animal study, TYK2-deficient mice were resistant to collagen antibody-induced arthritis, suggesting a crucial role of TYK2 in the development of inflammatory arthritis. 31 We therefore consider that TYK2 inhibition may contribute to the clinical efficacy of peficitinib in RA patients. However, the clinical significance of the mouse model findings is unclear and additional investigation is necessary to elucidate the involvement of TYK2 in the pathogenesis of RA.
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